We present new precise HIRES radial velocity (RV) data sets of five nearby stars obtained at Keck Observatory. HD 31253, HD 218566, HD 177830, HD 99492 and HD 74156 are host stars of spectral classes F through K and show radial velocity variations consistent with new or additional planetary companions in Keplerian motion. The orbital parameters of the candidate planets in the five planetary systems span minimum masses of M sin i = 27.43M ⊕ to 8.28M J , periods of 17.05 to 4696.95 days and eccentricities ranging from circular to extremely eccentric (e ≈ 0.63).
INTRODUCTION
The planetary census has reached an impressive 496 extrasolar planets. Planetary companions have been successfully detected using a variety of techniques, primarily radial velocities (463; see e.g. Mayor & Queloz 1995; Butler et al. 2006; Udry et al. 2007 ) and transit photometry (106; see e.g. Henry et al. 2000; Charbonneau et al. 2000 Charbonneau et al. , 2007 . Other techniques employed include microlensing (Bennett et al. 2009 ), astrometry (Benedict et al. 2002; Bean & Seifahrt 2009 ), stellar pulsations (Silvotti et al. 2007 ) and even direct imaging (Chauvin et al. 2005; Kalas et al. 2008; Marois et al. 2008) 4 . The radial velocity method has been used to either detect or characterize more than 90% of all currently known planets, and continues to be a very important technique. Both its continued productivity (e.g. Valenti & Fischer 2005) and its ability to accurately probe planetary architectures into the vicinity of the terrestrial mass region (e.g Rivera et al. 2005; Mayor et al. 2009; Vogt et al. 2010 ) are a testament to the rapid technological advances.
We have been monitoring a large set of nearby stars under precise radial velocity survey with the High Resolution Echelle Spectrometer (HIRES) at Keck for the past 17 years. In this paper, we present new radial velocity (RV) observations for five of our target stars: HD 31253, HD 218566, HD 177830, HD 99492 and HD 74156.
The plan of this paper is as follows. In Section 2, we discuss the procedure followed to obtain and reduce the RV dataset. In Sections 3 through 7 we describe the
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The HIRES spectrometer (Vogt et al. 1994 ) of the Keck-I telescope was used for all the new RVs presented in this paper. Doppler shifts were measured in the usual manner (Butler et al. 1996) by placing an Iodine absorption cell just ahead of the spectrometer slit in the converging beam from the telescope. This gaseous Iodine absorption cell superimposes a rich forest of Iodine lines on the stellar spectrum, providing a wavelength calibration and proxy for the point spread function (PSF) of the spectrometer. The Iodine cell is sealed and temperaturecontrolled to 50 ± 0.1 C such that the column density of Iodine remains constant. For the Keck planet search program, we operate the HIRES spectrometer at a spectral resolving power R ≈ 70,000 and wavelength range of 3700-8000Å, though only the region 5000-6200Å (with Iodine lines) is used in the present Doppler analysis. A block of the spectrum containing the Iodine region is divided into ∼700 chunks of 2Å each. Each chunk produces an independent measure of the wavelength, PSF, and Doppler shift. The final measured velocity is the weighted mean of the velocities of the individual chunks. All radial velocities have been corrected to the solar system barycenter, but are not tied to any absolute radial velocity system. As such, they are "relative" radial velocities, with a zero point that is usually set simply to the mean of each set.
The internal uncertainties quoted for all the RV's in this paper reflect only one term in the overall error budget, and results from a host of systematic errors from characterizing and determining the PSF, detector imperfections, optical aberrations, effects of under-sampling the Iodine lines, etc. Two additional major sources of error are photon statistics and stellar jitter. The latter Note. - † New planet candidate varies widely from star to star, and can be mitigated to some degree by selecting magnetically-inactive older stars and by time-averaging over the star's unresolved low-degree surface p-modes. All observations have been further binned on 2-hour timescales. We present in Table 1 a few basic parameters (and uncertainties, where available) for all the host stars considered in this paper.
Unless otherwise noted, the data are mostly as listed in the SPOCS database (Valenti & Fischer 2005) and the NASA NStED database 5 . Table 2 summarizes all the Keplerian fits for the target stars in this paper; they will be discussed in more detail in the following sections. The orbital fits were derived using the Systemic Console (Meschiari et al. 2009) 6 . The errors on each parameter are estimated using the bootstrap technique with 5000 scrambled realizations of the RV datasets. For each planet, we list best-fit period (P ), eccentricity (e), semi-amplitude (K), time of periastron passage (T peri ), longitude of pericenter (̟), minimum mass (M sin i) and semi-major axis (a). Additionally, we report approximate estimates of the transit probability calculated as part of the Monte-Carlo modeling, assuming a putative radius R = R JUP . which, in conjunction with its derived radius, implies a maximum rotation period of about 23 days. Our measurement of log R ′ hk = -5.13 agrees well with that listed on the NASA NStED site, and leads to an estimate of ∼2.3 for the expected radial velocity jitter due to stellar surface activity (Wright 2005) . Table 3 shows the complete set of 39 relative radial velocity observations for HD 31253. The radial velocity coverage spans approximately 13 years of RV monitoring. The median internal uncertainty for our observations is 1.59 m s −1 , and the peak-to-peak velocity variation is 36.37 m s −1 . The velocity scatter around the average RV in our measurements is 8.92 m s −1 . The top panel of Figure 1 shows the individual RV observations for HD 31253 . The middle panel shows the error-weighted Lomb-Scargle (LS) periodogram of the full RV dataset (Gilliland & Baliunas 1987) . The three horizontal lines in this figure and other comparable plots represent, from top to bottom, the 0.1%, 1.0%, and 10.0% analytic False Alarm Probability (FAP) levels, respectively. The analytic FAPs are computed using a straightforward approach, where we estimate the number of independent frequencies by analyzing a set of 1,000 gaussian deviates with the same timestamps as the original dataset (Press et al. 1992) .
Keplerian solution
For the highest peak, the quoted FAP is estimated using a more robust Monte Carlo approach, which consists of generating sets of scrambled realizations of the dataset and determining the maximum periodogram power for each (e.g. Marcy et al. 2005) . For all the datasets presented in this paper, we analyze 3 × 10 5 scrambled datasets.
The computed FAP for the strong Keplerian signal at P = 460.32 days in the RV dataset indicates an estimated FAP ≈ 4 × 10 −5 . Finally, the lower panel of Figure 1 shows the spectral window. A peak at frequency, f s in the spectral window function can be associated with aliases occurring at |f p ± f s |, where f p is a true periodicity of the input signal. For more details, see Dawson & Fabrycky (2010) . Peaks in the spectral window function are often associated with relatively immutable periodicities in the observational cadence, such as those arising from the sidereal and solar day, the lunar synodic month and the solar year. The strongest peak in the periodogram is well-fit by a Keplerian orbit of period 465.54 days and semi-amplitude K = 12.22 m s −1 . Together with the assumed stellar mass of 1.23 M ⊙ , this amplitude implies a minimum mass of M sin i = 0.50M J . The best-fit orbit for the planet is mildly eccentric (e ≈ 0.34). This 1-planet fit achieves a reduced χ 2 = 8.87, with an RMS of 4.23 m s −1 . The expected jitter of HD 31253 (that is, the amount of jitter required to bring the reduced χ 2 of the best-fit solution to 1.0) is 3.92 m s −1 . The top panel of Figure 2 shows the phased stellar reflex velocity of HD 31253 compared to the RV dataset. The middle panel shows the residuals to the 1-planet solution. Finally, the bottom panel shows the periodogram of the residuals of the best-fit solution. No interesting peaks are evident, indicating that the present data set provides no strong support for additional planets in the system.
We do not have photometry of HD 31253 that might conclusively rule out stellar rotation signatures as a cause of the RV variations. But this star does have a measured V sin i of 3.8 m s −1 which implies a maximum rotation period of about 23 days, much shorter than the 466-d Keplerian period. The semi-amplitude of the observed variations is 12 m s −1 , whereas a 466-d rotation period, combined with a stellar radius of 1.71 R ⊙ , would not produce radial velocity effects above a few tenths of a m s −1 . Therefore, stellar rotation can sensibly be ruled out as being responsible for the observed RV variations. Table 1 reports some of the salient stellar properties, as reported by NStEd, Wright et al. (2004) and Takeda et al. (2007) . Table 4 shows the 56 relative radial velocity observations for HD 218566. The radial velocity coverage spans approximately 14 years of RV monitoring. The median internal uncertainty for our observations is 1.27 m s −1 , and the peak-to-peak velocity variation is 28.46 m s −1 . The velocity scatter around the mean RV in our measurements is 7.18 m s −1 . The top panel of Figure 3 shows the individual RV observations for HD 218566. The middle panel shows the error-weighted Lomb-Scargle (LS) periodogram of the full RV data set, while the bottom figure shows the spectral window. The FAP calculation for the strong Keplerian signal at P = 225.06 days in the RV dataset indicates an estimated FAP ≈< 4 × 10 −6 . The dominant peak in the periodogram can be explained by a Keplerian orbit of period 225.73 days and semi-amplitude K = 8.34 m s −1 . This amplitude suggests a minimum mass of M sin i = 0.21M J (assuming a stellar mass of 0.88 M ⊙ ). The best-fit orbit for the planet is moderately eccentric (e ≈ 0.37). This fit achieves a reduced χ 2 = 8.41, with an RMS of 3.48 m s −1 . The expected jitter of HD 218566 (that is, the amount of jitter required to bring the reduced χ 2 of the best-fit solution to 1.0) is 3.23 m s −1 . The top panel of Figure 4 shows the phased stellar reflex velocity of HD 218566 compared to the RV dataset. The middle panel shows the residuals to the 1-planet solution. The periodogram of the residuals to the best-fit solution, shown in the bottom panel, displays no strong peaks that would support the evidence for additional planets in the system. HD 177830 is a subgiant with M v = 3.32, close to giant status. The star has a known early M stellar companion with a projected separation of 97 AU (Eggenberger et al. 2007) . It was first reported by Vogt et al. (2000) to host a 392-day Jovian-mass planet in an eccentric (e=0.42) orbit. Updates to the orbit were provided by Butler et al. (2006) . Wright et al. (2007) noted a possible 111-day or 46.8-day signal but suggested that it could be correlated noise. Tanner et al. (2009) studied the star using Spitzer to place limits on the amount of dust in the system, and concluded that no significant excess emission at 160 µm was detected (see also Trilling et al. 2008; Bryden et al. 2009 ). The stellar parameters for this star listed in Table 1 are a compilation of various results, mostly from the SPOCS database Valenti & Fischer (2005) with additions from the NStED database. The values for the stellar mass in Table 1 are the lower and upper limits of the isochrone mass listed in the SPOCS database. We find a current log R ′ hk value of -5.37. HD 177830 has a derived rotation period of 65 days (Barnes 2001).
We show the 88 Keck radial velocity measurements in Table 5 , spanning approximately 15 years of RV monitoring. The median internal uncertainty for our observations is 1.05 m s −1 , and the peak-to-peak velocity variation is 87.15 m s −1 . The velocity scatter around the average RV in our observations is 24.68 m s −1 . The individual RV observations for HD 177830 are shown in the top panel of Figure 5 . The middle panel shows the error-weighted Lomb-Scargle (LS) periodogram of the full RV dataset. Finally, the lower panel of Figure 5 shows the spectral window. The strongest peak in the periodogram is well-fit with a Keplerian model with period 407.31 days, semi-amplitude K = 31.17 m s −1 and estimated FAP < 3 × 10 −6 . Together with the assumed stellar mass of 1.48 M ⊙ , this amplitude corresponds to a minimum mass of M sin i = 1.48M J . The best-fit orbit for the planet is essentially circular. This 1-planet fit achieves a reduced χ 2 = 27.53, with an RMS of 5.24 m s −1 . The top panel of Figure 6 shows the phased Keplerian fit for the 407-d planet.
The bottom panel of Figure 6 shows the periodogram of the residuals to the single-planet fit and the corresponding FAPs. The dominant peak at P = 110.98 with a FAP ≈ 5 × 10 −5 indicates the rather secure presence of an additional planet. Our best combined 2-planet fit indicates a new planet with P = 110.91 days, K = 5.11 m s −1 and a minimum mass of M sin i = 0.15M J . The orbit of the second planet is moderately eccentric (e ≈ 0.36). With this revised fit, we obtain a reduced χ 2 = 15.31 and an RMS of the residuals of approximately 3.85 m s −1 . The expected jitter of HD 177830 (that is, the amount of jitter required to bring the reduced χ 2 of the best-fit solution to 1.0) is 3.71 m s −1 . The top and 2nd panels of Figure 7 show the phased stellar reflex velocity of HD 177830 due to each companion as compared to the RV dataset. The 3rd panel shows the residuals to the 2-planet solution, while the bottom panel shows the periodogram of the residuals of the best-fit solution. No compelling peaks are evident in the current Keck dataset, indicating that the present data offers no strong support for additional planets in the system.
The 2-planet fit shows a very slight amount of dynamical interaction between planets b and c, which we accounted for in the modeling using the BulirschStoer integration scheme in the Systemic console ; we verified that the bestfit orbital model is stable for at least 10 6 years. The time evolution of the eccentricity is shown in Figure 8 .
HD 99492 (HIP 55848)
6.1. Stellar properties HD 99492 is a V = 7.383 magnitude star of spectral type K2V. A recent determination of many of its fundamental stellar parameters was given by Marcy et al. (2005) and is included in Table 1 , supplemented with additional values from the NStED database. Marcy et al. (2005) found this star to be a middle-aged star of average chromospheric activity, with an age of 2-6 Gyr. They report an implied stellar rotation period of about 45 days (± 30%) based on the star's chromospheric activity index. Marcy et al. (2005) also reported a 17.1-day 36 M ⊕ planet orbiting this star. Compared to the Sun, HD 99492 is quite metal-rich ([Fe/H] = 0.36). Table 6 shows the 93 relative radial velocity measurements for HD 99492. The radial velocity coverage spans almost 14 years of RV monitoring. The median internal uncertainty for our observations is 1.36 m s −1 , and the peak-to-peak velocity variation is 28.32 m s −1 . The velocity scatter around the average RV in our observations is 6.39 m s −1 . The top panel of Figure 9 shows the individual RV observations for HD 99492. The middle panel shows the error-weighted Lomb-Scargle (LS) periodogram of the full RV dataset, while the bottom panel shows the spectral window. The FAP calculation for the strong Keplerian signal at P = 17.06 days in the RV dataset indicates an estimated FAP < 3×10 −6 . The dominant peak in the periodogram is well-fit by a Keplerian fit of period 17.05 days and semi-amplitude K = 7.86 m s −1 . Together with the assumed stellar mass of 0.83 M ⊙ , this amplitude suggests a minimum mass of M sin i = 27.76M ⊕ . The best-fit orbit for the planet shows a small amount of eccentricity (e ≈ 0.13). This 1-planet fit achieves a reduced χ 2 = 12.71, with an RMS of 4.39 m s −1 . The top panel of Figure 10 shows the phased Keplerian fit for the 17-d planet, while the bottom panel shows the periodogram of the residuals to the single-planet fit and the corresponding FAPs.
Keplerian solution
The additional peak in the periodogram of residuals with P = 4908.67 reveals the secure detection of an additional planet, with a FAP ≈ 4 × 10 −4 . Our best combined 2-planet fit suggests a new planet with P = 4969.73 days, K = 4.88 m s −1 and a minimum mass of M sin i = 0.36M J ; the orbit of the second planet is somewhat eccentric (e ≈ 0.11). Using this revised fit, we obtain a reduced χ 2 = 7.17 and an RMS of the residuals of approximately 3.22 m s −1 . The expected jitter of HD 99492 (that is, the amount of jitter required to bring the reduced χ 2 of the best-fit solution to 1.0) is 2.94 m s −1 . The top and 2nd panels of Figure 11 show the phased stellar reflex velocity of HD 99492 from each planet compared to the RV dataset. The 3rd panel shows the residuals to the 2-planet solution, while the bottom panel shows the periodogram of the residuals of the best-fit solution. No significant peaks are evident, indicating that the present data set offers no strong support for additional planets in the system. HD 74156 is a well-studied star, known already to have both a 52-day and a 2500-day planet (Naef et al. 2004 ). The star was claimed by Bean et al. (2008) to also harbor a 3rd planet ("d") at 336 days, in apparent support of the so-called "Packed Planetary Systems" hypothesis (PPS; Barnes & Raymond 2004) . Indeed, Barnes & Greenberg (2007) cited the discovery of d as a successful prediction of the PPS hypothesis. However, the reality of HD 74516d was called into question by Baluev (2009) as a false detection made due to annual systematic errors in We have had HD 74156 under precise radial velocity monitoring at Keck for the past 8.9 years and here add 21 new velocities to the mix, combined with previously published data from CORALIE, ELODIE, and HET, bringing the total number of observations to 198. We re-analyzed the compound dataset from scratch, looking for evidence of further planetary companions. As usual, we allowed a floating offset between each data set in the Keplerian fitting process to compensate for the different zero-points of each observatory. Table 7 shows Keck/HIRES relative radial velocity observations for HD 74156. The radial velocity coverage spans almost 13 years of RV monitoring. The top panel of Figure 12 shows the individual RV observations for HD 74156 (CORALIE04, ELODIE04 Naef et al. (2004) , HET09 Wittenmyer et al. (2009) and KECK; each RV dataset has been offset to yield the best-fit solution). The middle panel shows the error-weighted Lomb-Scargle (LS) periodogram of the full RV dataset. Figures 13 and  14 show the best 1-planet and 2-planet fits, respectively. The best 2-planet fit (derived using the full set of RV observations) obtains a reduced χ 2 = 3.09, an RMS of the residuals of approximately 12.80 m s −1 and an expected jitter of 8.59 m s −1 . The value of the estimated jitter from this best-fit is considerably higher than the 2.2 m s −1 expected from its log R ′ hk activity index. However, in this case the RMS is dominated by the CORALIE and ELODIE data, with a considerable contribution also from the HET data. The RMS of the fit using only the 29 Keck points is 3.5 m s −1 with jitter of 2.9 m s −1 , in much closer accord with the expected stellar jitter of 2.2 m s −1 . The periodogram shown in the bottom panel of Figure  14 , shows no compelling peaks in the residuals, indicating that the present data set offers no significant support for additional planets in the system. Our results confirm the conclusions of Wittenmyer et al. (2009) . The expanded dataset presented in this paper does not support the theoretical and observational evidence for a third planetary companion claimed by Bean et al. (2008) .
CONCLUSIONS
The five systems presented in this paper add to the ever-growing list of single and multiple-components exoplanetary systems.
Two of the systems, namely, HD 31253 and HD 218566, are well-characterized Saturn-mass planets in ≈ 1-year orbits. For both systems, the data presented in this paper do not show prominent peaks in the periodogram of residuals, even at a 10% FAP level. While several single-planet systems with similar properties have later been characterized with an additional outer, long-period companion (e.g. Jones et al. 2010) , the absence of any significant linear trend in the current data seem to rule out the presence of additional Jupiter-mass planets with P < 40,000 days.
HD 99492 and HD 177830 each gain a new planetary companion, adding to the previously known planets Marcy et al. 2005) . The known linear trend in the residuals to HD 99492 b is now fully char- acterized thanks to the longer phase coverage, indicating the presence of a Saturn-mass planet on a ∼5,000-day orbit.
The RV data we collected for HD 177830 support the existence of an additional inner planet, presenting an interesting case. The planets in this system are within a binary with a separation of approximately 97 AU (Eggenberger et al. 2007 ). Simulations of the formation and stability of planets in binary star systems imply that the perturbative effect of the secondary star will be negligible in binaries with separation larger than 100 AU. The binary system of HD 177830 is slightly below this limit. This system is also the first binary with a moderate separation in which multiple planets have been discovered. Although it is unlikely that the low-mass secondary star of this system has had significant effects on the formation of planets around the primary, it would still be interesting to study how planets in this system formed and migrated to their current stable orbits.
Finally, we analyzed an expanded dataset of Doppler observations of HD 74156, adding 21 Keck RV points to the known data. We repeated the analysis looking for evidence of a third planet, which would lend observational credence to the predictions of the PPS hypothesis (e.g. Barnes & Raymond 2004) . Our dataset does not show support for the claimed HD 74156 d planetary companion. Indeed, the residuals periodogram to our best 2-planet fit do not exhibit any promising peaks for future RV follow-ups, strengthening the conclusions of Wittenmyer et al. (2009) .
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